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(54) Method for determining the needed transmission power in a CDIVIA network 



(57) The present Invention concerns a method for 
determining the needed transmission power for estab- 
lishing a radio communication link between a transmitter 
unit (Ej) among a plurality of transmitter units (E) gath- 
ered together in several geographically spread base 
stations and a receiver unit (Rj) among a plurality of re- 
ceiver units (R), with a given signal-to-interference ratio 
(SIRr|) at the receiver unit (Rj), wherein the transmis- 
sion power (P^), especially the initial transmission power 
(Ptjnit) >s calculated as follows: 

Pt orPunit = SIRpj X PL X (l,„,^ + 1^^^) (1) 

where: 



(19) 
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PL is the pathless obtained as the ratio between re- 
ported received power (Prj) at the receiver unit (Rj) 
and known transmitted power (P^{) by the transmit- 
ter unit (Ej) ; 

'intra 's the interference power received at the receiv- 
er unit (Rj) from all other transmitter units (Egg) of 
the base station (BS) comprising the transmitter unit 
(Ej). and, 

lextra '® interference power received at the re- 
ceiver unit (Rj) from the transmitter units (E) from 
all base stations of the network, except the base 
station (BS) incorporating transmitter unit (Ej). 
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Description 

[0001] The present invention relates generally to 
transmission power evaluation and adjustment proce- 
dures in radio communication, in particular in cellular 
network communication systems, and concerns a meth- 
od for determining the needed transmission power for 
establishing and/or maintaining a radio communication 
link with a given sufficient quality. 
[0002] In radio communication systems including a 
plurality of transmitting/receiving units, some mobile 
and some fixed, as for instance in a CDMA system, it is 
in particular necessary to determine initial power to be 
transmitted in the downlink direction for each temporary 
established traffic channel, immediately after call setup, 
power reset or when entering a macrodiversity mode 
(soft handover). 

[0003] The only method for adjusting initial downlink 
power known by the inventors consists in evaluating the 
transmission loss (using the mobile received power dur- 
ing the access procedure) and ensuring that a given re- 
ceived power is reached at the mobile station. 
[0004] The main drawback of the preceding prior art 
method is that it completely ignores the Interference en- 
vironment experienced by the mobile station. 
[0005] Now, especially in CDMA, signal quality is 
mainly determined by interference conditions. 
[0006] Generally, it is possible to suppress most of in- 
tra-cell interference by means of orthogonal spreading 
sequences. However, other-cell interference cannot be 
mitigated and it does noticeably affect signal-to-noise 
ratio. 

[0007] In certain locations, the link from cell site to mo- 
bile station may be unusually disadvantaged. For exam- 
ple, this is the case when the pathless to one or two 
neighboring cells is nearly the same as the pathless to 
the home cell. This situation may require additional 3-4 
dB of signal power to achieve adequate performance. 
A pathlossrbased algorithm will Ignore such situations 
and fail to provide the additional amount of power re- 
quired to overcome the external interference effect. 
[0008] This inappropriate power setting will cause a 
momentary quality outage for this mobile station ; this 
outage will be compensated by the power control pro- 
cedure, but only after a few iterations. 
[0009] On the other hand, if a fixed margin is applied 
to counteract such situations, it may result in overesti- 
mating the initial power, therefore injecting unnecessary 
interference in the system and penalizing capacity. 
[0010] Additionally, in so-called Soft Handover situa- 
tions, all base-stations receive the same power control 
commands from the mobile station. Thus, transmit pow- 
er ratios between base-stations belonging to the so- 
called Active Set will remain the same along communi- 
cation if no other action is taken to modify them. In this 
context, accurate power Initialization is critical. 
[0011] Therefore, the main object of the present in- 
vention is to provide a method for determining more ac- 



curately, more effectively and in an environment appre- 
ciative way the downlink power, in particular the initial 
downlink power, while ensuring that the required SIR is 
systematically obtained. 

5 [001 2] The present invention thus concerns a method 
for determining the needed transmission power for es- 
tablishing and/or maintaining a radio communication 
link between a transmitter unit Ej among a plurality of 
transmitter units E gathered together in several geo- 

10 graphically spread base stations and a receiver unit Rj 
among a plurality of receiver units R, with a given signal- 
to-interference ratio SIRri at the receiver unit R|, where- 
in the transmission power P,, especially the initial trans- 
mission power jnit, is calculated as follows: 

15 

PtOrPt.init = SIRRjXPLx(rj„,^ + l,^J 

where: 

20 

Pi_ is the pathless obtained as the ratio between re- 
ported received power Ppj at the receiver unit Rj and 
known transmitted power P^ by the transmitter unit 

'intra the interference power received at the receiv- 
er unit Rj from all other transmitter units Ebs of the 
base station BS comprising the transmitter unit Ej, 
and, 

'extra Interference power received at the re- 
30 ceiver unit R| from the transmitter units E from all 
base stations of the network, except the base sta- 
tion BS incorporating transmitter unit Ej. 

[0013] As can be seen, the basic principle of the in- 
35 vention is to make use of the knowledge of both path- 
loss. Internal interference and external interference to 
carry out power initialization or power evaluation. The 
proposed initialization scheme ensures that the target 
SIR Is reached at the concemed receiver. 
40 [001 4] The solution proposed by the invention also in- 
cludes a method for evaluating the total interference re- 
ceived at a specific receiver unit Rj (able to establish 
communication links with at least one of a plurality of 
transmitter units E gathered together in several base 
^5 stations BS forming a cellular radiocommunication net- 
work): Itot = Ua + 'extra- 

[001 5] Indeed, according to the invention, the interfer- 
ence power Ijntra nfiay be calculated as: 

50 



where: 

55 

Ptot, BS total transmitted power of all transmit- 
ter units Eqs of the base station BS incorporating 
transmitter unit Ej; 
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PL is the pathloss between base station BS and re- 
ceiver unit Rj, and, 

OFj Is the orthogonality factor seen by the receiver 
unit R|. 

[001 6] The othogonality factor represents the efficien- 
cy of the receiver In suppressing the interference con- 
tributed by transmitter units Eqs- 
[001 7] In the same way, the interference power i^xtra 
may be calculated as: 

Plot, BSk 
^extra = Z 

PL BSk 

where: 

Ptot, BSk transmitted power of all trans- 

mitter units E of the base stations BSt^of the network 
other than the base station BS incorporating the 
transmitter unit Ej, and, 

PL corresponding pathloss between re- 

ceiver unit Rj and base station 88]^. 

[001 8] In order to simplify and facilitate the power set- 
ting procedure, it may be efficient that only the base sta- 
tions which are received at the receiver unit Rj with at 
least a preset minimal power level and are thus part of 
a base station belonging to a so-calied Candidate Set, 
are taken into account in order to calculate 
[0019] Preferably, the intial transmission power P^ j^jt, 
or downlink power, is calculated for each new commu- 
nication link setup or modification thereof, such as mo- 
mentary breakdown, change in the transmitter unit iden- 
tity, etc. 

[0020] The present invention addresses the power in- 
itialization problem but it can be applied whenever a 
transmit power evaluation is needed also during trans- 
mission (for example in replacement of the conventional 
fast power control loop). Hence, the proposed solution 
should be viewed as a generic power setting method. 
[0021] Moreover, the method of the present invention 
can be applied to all kinds of radio communication sys- 
tems comprising a plurality of receiver units and at least 
one or more transmitter units. 
[0022] Nevertheless, according to a preferred embod- 
iment of the Invention, the transmitter units E and the 
receiver units R are part of a Code Division Multiple Ac- 
cess (CDMA) type cellular network, controlled by a Ra- 
dio Network Controller (RNC), the receiver units R cor- 
responding to the mobile stations. 
[0023] In this application, the pathloss values PL can 
be advantageously based on P^^j and P|j power values 
obtained through the Broadcasting Control CHannel 
(BCCH). 



[0024] The present invention will be better understood 
thanks to the following description based on a preferred 
embodiment explained hereinafter as a non limitative 
example. 

5 [0025] In a CDMA, power initialization is carried out 
in the Radio Network Controller, which is in charge of 
call acceptance and handover execution. This entity has 
full visibility of power utilization in base-stations under 
its control. Moreover, the RNC receives various meas- 
10 urement reports from the mobile in the context of Mobile 
Assisted Access and Handover. 
[0026] The mobile measures the average power re- 
ceived on the BCCH channel from all base-stations with- 
in reach. Based on these measurements, the mobile 
15 maintains a Candidate Set comprising all candidate 
base-stations for establishing a communications link. 
[0027] At important stages of mobile operation (initial 
access, call establishment, handover attempts, ...) Can- 
didate Set measurements (or more generally all relevant 
measurements) are reported to the RNC for decision 
making. Such messages are transported on Dedicated 
Physical Control Channels in the uplink. Based on the 
current report, the RNC is able to estimate the transmit 
power needed to meet quality requirements at mobile 
receivers according to the method described below. 
[0028] Assuming that the RNC has knowledge of the 
pathloss (PL) between the mobile and the target base- 
station, and disposes of internal and external interfer- 
ence estimates (Im^ra. 'extra) of the target Signal-to- 
Interference Ratio at the mobile (SIR^rget) then it is pro- 
posed to calculate the initial downlink transmit power 
^DUinit from the target base-station towards the mobile 
as follows: 

Ppunit = SIRtarget ^ PL ^ {\,^,^^ + I^^^J (1) 

[0029] Target SIR is usually a parameter imposed by 
the RNC, possibly based on some quality measurement 
reported by the mobile. Target SIR setting is part of basic 
power control mechanisms and is a known procedure 
to a person skilled in the art. 

[0030] Pathloss is evaluated based on the BCCH re- 
ceived power value for the target base-station. The RNC 
is cognizant of the BCCH transmit power for all base- 
stations. Hence, pathloss estimate is obtained from the 
ratio between reported received BCCH power Pp^BCCH 
and known transmit power Pj seen- 

pL^^BCCH. 
Pr,BCCH 

[0031] It should be noted that the evaluated pathloss 
solely incorporates the effect of distance and shadow- 
ing. Fast fading effects are averaged out when assess- 
ing the average BCCH received power. 
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[0032] Internal interference corresponds to the contri- 
butions received at the mobile from other users in the 
target cell. Since communication with the mobile of in- 
terest has not been initiated yet, the Intemal interference 
to be experienced by the mobile after link establishment 
coincides with the total received power from the target 
base-station before link establishment, 
[0033] Therefore, the RNC must evaluate the total re- 
ceived power from the target base-station BS at the mo- 
bile. To this end, the RNC utilizes its visibility on the total 
transmit power of all base-stations it controls. Using the 
total transmit power of the target base-station and know- 
ing the pathloss, internal interference Ij^ra Is assessed 
as 



'intra ~ 



tot. BS 
PL 



xOF 



where OF denotes the orthogonality factor seen by the 
mobile. This orthogonality factor describes the efficien- 
cy of the receiver in rejecting same-cell interference. 
[0034] In ideal propagation conditions, Hadamard se- 
quences would totally suppress internal interference. 
Because of multipath, a residual interference remains 
and it Is precisely this contribution that appears in the 
SIR and which is to be estimated. At this point, it is as- 
sumed that a rough estimate of the orthogonality factor 
is available at the RNC (orthogonality factor is related 
in some way to target SIR). 

[0035] If the link already exists, its contribution is al- 
ready accounted for in the total transmit power of the 
base. Then, it will be falsely included in the internal in- 
terference, leading to a very slight overestimation of the 
transmit power (not penalizing at all). 
[0036] Extemal interference is the total power re- 
ceived by the mobile from all surrounding base-stations, 
including those in the Candidate Set. 
[0037] As explained earlier, the Candidate Set con- 
tains all base-stations that are received at the mobile 
with a sufficient power level. Hence, base-stations in the 
Candidate Set will bring most of the external Interfer- 
ence, and total external interference can be approximat- 
ed by the aggregate of the so-called Candidate Set In- 
terference. This Interference is evaluated from Candi- 
date Set measurement reports. As is done for the target 
base-station, the pathless between the mobile and a 
candidate base-station (PIncand) t)e derived from 
BCCH measurement. Likewise, the RNC knows the to- 
tal transmit power Ptot.cand of every candidate base. 
[0038] As a result, external interference lextra eval- 
uated by: 



I - r 
'extra ^ pL 



tot, cand 



cand 



[0039] Nevertheless, if measurement reports are re- 
stricted to the Candidate Set, extemal interference as- 
sessment method may prove inaccurate. Accuracy de- 
pends on Candidate Set size and load distribution over 

5 the network. If cells not belonging to the Active Set are 
heavily loaded, their contribution may not be negligible. 
In this case, external interference evaluation based on 
the Candidate Set could be biased. This problem can 
be avoided if the report scheme is extended to non-can- 

10 didate base-stations that bring a substantia! amount of 
interference at the mobile. 

[0040] Once target SIR, Internal and extemal interfer- 
ence are determined, formula (1) is used to derive the 
Initial transmit power value towards the mobile for the 

15 target base-station. 

[0041] Besides, if the measured SIR over the BCCH 
channel of the target base-station BS is also reported 
(optional) to the RNC, then a refined estimate of the or- 
thogonality factor can be obtained. In effect, this SIR is 

20 defined as: 



25 



30 



SIR, 



r, BCCH 



r, BCCH 



BCCH ~ I J. I p 

'intra ^ 'extra "jotBS , 

PL ^ 'extra 



[0042] From this expression, the orthogonality factor 
can be extracted as a function of known quantities: 



~ (^r, BCCH " 'extra) ^ 



PL 



^'^BCCH ^ ^tot,BS 



xSIR 



for all base stations of the Candidate Set. 



[0043] Thanks to the invention, transmitted power can 
35 be accurately tuned to achieve the target SIR, Quality 
of service is ensured immediately while transmitted 
power is minimized. Hence, power disturbances usually 
induced by inaccurate power initialization are avoided. 
Moreover, the power control is no longer concemed with 
40 compensation procedures due to initialization errors 
and it can focus right away on fast-fading effects coun- 
teraction. In fact, transient effects resulting from the ac- 
tivation of new links are minimized. 
[0044] The "power Initialization" procedure according 
45 to the invention can be re-used at any time of the com- 
munication (using last report) to overcome any malfunc- 
tioning of other power control means, e.g the fast-power 
control loop. In effect, since the closed-loop is an itera- 
tive process subject to transmission errors, it could di- 
sc verge at some point. Then, a power reset procedure is 
needed and the above solution naturally applies in such 
situations. 

[0045] It should also be noted that no signalling over- 
head is required since the inventive method is solely 
55 based on the reporting scheme which supports hando- 
ver and access. 

[0046] The present Invention also includes a cellular 
radiocommunication network comprising in particular a 
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plurality of transmitter units E gathered together in sev- 
eral base stations and able to establish communication 
links with receiver units R. wherein the needed trans- 
mission for establishing and/or maintaining a radiocom- 
munication link between a specific transmitter unit Ej 
and a specific receiver unit Rj is determined according 
to the methiod described herein before. 
[0047] The present invention is, of course, not limited 
to the preferred embodiment described herein, changes 
can be made or equivalents used without departing from 
the scope of the invention. 



Claims 

1. Method for determining the needed transmission 
power for establishing a radio communication link 
between a transmitter unit (E;) among a plurality of 
transmitter units (E) gathered together in several 
geographically spread base stations and a receiver 
unit (Rj) among a plurality of receiver units (R), with 
a given signal-to-interference ratio (SIRpj) at the re- 
ceiver unit (Rj), wherein the transmission power 
(P,), especially the Initial transmission power (Ptjnit) 
is calculated as follows: 



PtOrPt.init = SIRRjXPLx(lj,,,^ + l,^J 
where: 

PL is the pathless obtained as the ratio between 
reported received power (P^^ at the receiver 
unit (Rj) and known transmitted power (P^,) by 
the transmitter unit (Ej) ; 
'intra '® interference power received at the 
receiver unit (Rj) from all other transmitter units 
(Eqs) of the base station (BS) comprising the 
transmitter unit (Ej), and, 
'extra interference power received at the 
receiver unit (Rj) from the transmitter units (E) 
from all base stations of the network, except the 
base station (BS) incorporating transmitter unit 
(E,). 

Method according to claim 1 , wherein the interfer- 
ence power (Ijntra) '^ Calculated as follows: 



'intra ' 



tot. BS 
PL 



XOF, 
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and receiver unit (Rj), and, 
OFj is the orthogonality factor seen by the re- 
ceiver unit (Rj). 

Method according to anyone of claim 1 or 2, wherein 
the interference power Igxtra is calculated as follows: 



lextra = | 



Plot, BSk 



PL 



where: 



where: 



Ptot,BSk '® transmitted power of all 

transmitter units (E) of the base stations {BS^) 
of the network other than the base station (BS) 
incorporating the transmitter unit (E|), and, 
PL is the corresponding pathless between 
receiver unit (Rj) and base station (BS^). 

Method according to claim 3, wherein only the base 
stations (E) which are received at the receiver unit 
(Rj) with at least a preset minimal power level and 
are thus part of a base station belonging to a so- 
called Candidate Set, are taken into account in or- 
der to calculate (lextra)- 

Method according to anyone of claims 1 to 4, where- 
in the initial transmission power (Ptjnit)* o*" downlink 
power, is calculated for each new communication 
link setup or modification thereof. 

Method according to anyone of claims 1 to 5, where- 
in the transmitter units (E) and the receiver units (R) 
are part of a Code Division Multiple Access (COMA) 
type cellular network, controled by a Radio Network 
Controller (RNC), the receiver units (R) conrespond- 
ing to the mobile stations. 

Method according to anyone of claims 1 to 6, where- 
in the pathless values (PL) are based on (Ppj) and 
(Pti) power values obtained through the Broadcast- 
ing Control Channel (BCCH). 

Method for evaluating the total interference (l^ot) re- 
ceived at a specific receiver unit (Rj) able to estab- 
lish communication links with at least one of a plu- 
rality of transmitter units (E) gathered together in 
several base stations (BS) forming a cellular radio- 
communication network, wherein : 



Ptot. BS 's the total transmitted power of all trans- 
mitter units (Ebs) of the base station (BS) incor- 
porating transmitter unit (E^); 
PL is the pathless between base station (BS) 



55 



'tot ^ 'intra 



with 
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I ^ ^tot.BS w Qp 
'intra pj[^ ^ '-"^J 



where: 



Ptot, BS the total transmitted power of all trans- 
mitter units (Ebs) of the base station (BS) incor- 
porating transmitter unit (Ej); 
PL is the pathless between base station (BS) io 
and receiver unit (R|), and, 
OFj is the orthogonality factor seen by the re- 
ceiver unit (Rj), 

and with : is 



Ptot, BSk 
^extra = Z 20 



where: 25 

Ptot, BSk the total transmitted power of all 
transmitter units (E) of the base stations (BS^) 
of the network other than the base station (BS) 
incorporating the transmitter unit (Ej), and, so 
PL BSj^ is the corresponding pathless between 
receiver unit (Rj) and base station (BS^), 

Cellular radiocommunication network comprising in 
particular a plurality of transmitter units (E) gathered 35 
together in several base stations and able to estab- 
lish communication links with receiver units (R), 
wherein the needed transmission for establishing 
and/or maintaining a radiocommunication link be- 
tween a specific transmitter unit (Ej) and a specific 40 
receiver unit (Rj) is determined according to the 
method of any of claims 1 to 7. 
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